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Morphogenic gradients originating from signaling centers along the CNS developmental axes contribute to
CNS patterning. Reporting in this issue of Developmental Cell, Lanctot et al. (2013) show that the Nde1-Lis1
complex interacts with Brap, a mitogen-activated protein kinase pathway negative regulator, to facilitate
position-dependent modulation of neural progenitor fate and CNS patterning.Spatially and temporally coordinated cell
proliferation, migration, and differentia-
tion enable the proper patterning of the
CNS. The coordination of these pro-
cesses during early neural development
is in part mediated by specialized collec-
tions of cells called signaling centers
(e.g., the anterior neural ridge, roof and
floor plates, cortical hem, and notochord)
located along the anterior-posterior,
midline, and dorsoventral axes of the
developing nervous system (Jessell,
2000; Monuki, 2007). The signaling
centers release morphogens and mito-
gens (e.g., bone morphogenetic protein
[BMP], Sonic Hedgehog [Shh], Wingless-
related mouse mammary tumor virus
integration site [Wnt], and fibroblast
growth factor [FGF]), resulting in gradients
that are sensed and integrated by neural
progenitors as they self-renew or differen-
tiate. How neural progenitors translate
these patterning signals into fate deci-
sions is a process poorly understood. A
study by Lanctot and colleagues (2013),
in this issue of Developmental Cell,
shed light on the mechanisms involved
in the integration of patterning signals
and how they are translated into progeni-
tor fate choices along the developmental
axes, leading to the emergence of CNS
organization.
Previous findings revealed that interac-
tion between Lis1, amicrotubule-interact-
ing protein, and Nde1, a scaffold protein
of the centrosome, directly impacts the
self-renewal of cortical progenitors and,
as a consequence, the cerebral cortical
size (Reiner et al., 2006; Wynshaw-Boris
et al., 2010; Pawlisz and Feng, 2011). In
the current study, Lanctot et al. (2013)
found that deficiency in Nde1-Lis1 proteincomplex led not only to selective disrup-
tion of progenitor self- renewal and
neuronal loss in telencephalon and the
spinal cord, away from the midline
signaling centers, but also to overprolifer-
ation of progenitors along the dorsal
midline. These observations suggest a
spatially dependent role for the Nde1-
Lis1 complex in progenitor differentiation
and fate choice in the developing CNS.
Furthermore, the neural progenitors from
Nde1/Lis1+/ mice do not respond
appropriately to midline-derived mito-
genic signals (EGF/FGF), display self-
renewal defects, and undergo premature
differentiation, suggesting that the Nde1-
Lis1 complex is vital for the sensing
and integration of midline morphogenic
gradients.
To gain insight into the molecular
mechanisms underlying spatially depen-
dent response to morphogenic gradients
revealed by the Nde1/Lis1+/ model,
Lanctot et al. (2013) investigated the role
of BRCA1 associated protein (Brap),
earlier identified as a Lis1-Nde1 interactor
(Feng et al., 2000), in this process. Brap, a
Ras effector, inhibits kinase suppressor of
Ras (KSR) and its translocation to the
plasma membrane, which is necessary
to activate the mitogen-activated protein
kinase (MAPK) pathway. This negative
regulation of the MAPK pathway by Brap
is released upon activation by midline
morphogenic signals. Brap directly binds
Lis1 and colocalizes with Lis1 beneath
the plasma membrane. Furthermore,
Nde1-Lis1-deficient mice have elevated
levels of KSR and activated Mek and
Erk in midline CNS structures, indicating
aberrant, position-dependent changes in
MAPK signaling in the absence of Nde1-Developmental CelLis1. These observations suggest that
the Nde1-Lis1 complex can modulate
the MAPK signaling pathway through
Brap in a spatially dependent manner
in the developing CNS. Consistently,
Brap/ progenitors for the most part
phenocopy the Nde1/Lis1+/ defects
(e.g., altered response to mitogenic
signals, elevated levels of activated
phospho-Erk and KSR, and position-
dependent changes in progenitor prolifer-
ation and/or survival). Together, these
findings provide compelling genetic evi-
dence that the interaction among Nde1,
Lis1, and Brap modulates the MAPK
signaling pathway in a spatially depen-
dent manner in the developing CNS and
thus facilitates differential neural pro-
genitor fate choice necessary for CNS
patterning.
The identification of the functional inter-
action of Brap and the Nde1-Lis1 com-
plex in determining the fate choices of
neural progenitors via MAPK signaling
reveals a hitherto-undefined role for com-
plexes of cytoskeletal scaffold proteins in
CNS patterning. However, deciphering
the details of how Nde1-Lis1-Brap com-
plex modulates the MAPK pathway in
response to morphogenic gradients will
be necessary in order to refine and test
this model further. How do the cell-
surface receptors that initially detect
morphogenic gradients convey the infor-
mation to Nde1-Lis1 complex? Are there
gradients of Nde1-Lis1-Brap association
that reflects the strength of morphogenic
gradients experienced by the progeni-
tors? Presenting developing progenitors
in vivo with localized, exogenous gradi-
ents in patterns different than the endog-
enous ones and assaying the resultantl 25, May 13, 2013 ª2013 Elsevier Inc. 221
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Previewseffects on Nde1-Lis1-Brap complex for-
mation and progenitor fate choice may
help to initially test some of the predic-
tions of the current model. Further, a
matrix of different types of morphogenic
gradients (e.g., dorsoventral, anterior-
posterior, and midline-derived gradients)
and morphogens (e.g., Wnt, BMP, Shh,
and FGF) coordinate neural patterning in
the CNS (Monuki, 2007; Salinas and
Zou, 2008). Nde1-Lis1 complex can also
interact with a number of different effec-
tors (Wynshaw-Boris et al., 2010). In this
context, it will be useful to examine
whether the formation of different types
of Ndel-Lis1 complexes in response to
different morphogenic gradients underlie
distinct patterns of progenitor fate choice
in the CNS.
The localization of Nde1-Lis1-Brap
near the plasma membrane appears to
be critical for its effects on the MAPK
pathway. But how Nde1-Lis1-Brap asso-
ciation at the cell periphery may influence
progenitor fate choice remains an open
question. For example, this complex
may act to stabilize other membrane-
associated scaffolding proteins that222 Developmental Cell 25, May 13, 2013 ª2contribute to MAPK signaling (e.g., dys-
trophin/dystroglycan complex [Pawlisz
and Feng, 2011; Spence et al., 2004]) or
fate determination. Furthermore, during
early CNS patterning, neural progenitors
undergo symmetric or asymmetric divi-
sions, leading to the expansion of the
progenitor pool or to neurogenesis/
gliogenesis, respectively. Shifts in the
mitotic spindle orientation can determine
the pattern of progenitor division (Morin
and Bellaı¨che, 2011). Previous studies
have demonstrated that Nde1-Lis1 defi-
ciency in radial glial progenitors leads
to abnormal spindle orientation. Does
Nde1-Lis1-Brap complex modulate spin-
dle orientation of neural progenitors?
Does it differentially affect symmetric
versus asymmetric patterns of prolifera-
tion? Does it affect the asymmetric or
symmetric inheritance of fate determi-
nants in daughter cells? Exploring
whether and how morphogenic gradient-
induced activity of Nde1-Lis1-Brap com-
plex impacts these various mechanisms
involved in fate determination of pro-
genitors will help to refine the overall
significance of the interplay between013 Elsevier Inc.Nde1-Lis1-Brap1 complex and MAPK
signaling threshold in progenitors during
CNS patterning.
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Sexual reproduction in flowering plants is a masterpiece of cell-to-cell communication involving a unique
double fertilization process and an intricate sperm delivery system. Reporting in Developmental Cell,
Maruyama et al. (2013) and Vo¨lz et al. (2013) shed light on an elaborated system that coordinates sperm
delivery with fertilization status.Ever since the late 19th century it has
become clear that flowering plants
deviate from the universal formula of sex-
ual reproduction: one plus one equals
one. Sergei Gawrilowitsch Nawaschin,
followed by Le´on Guignard, discovered
in 1898 that in plants two male germ
cells—sperm—will fuse with two female
gametes—the egg cell and the centralcell—to give rise to an embryo and em-
bryo-supporting tissue, the endosperm
(Bresinsky et al., 2008). The two sperm
cells are transported to the female repro-
ductive organs (the ovules) containing
the egg and central cells by a growing
pollen tube that is built from a pollen grain
landingon the stigmaof a flower (Figure 1).
The success of this transport is not onlydecisive for the plant life cycle but also
key in producing the endosperm that is
a major nutrient source in the diets of
humans and livestock.
The long and winding journey of sperm
cells starts from the release of pollen in
pollen sacs, also called anthers. In the
reproductive season, millions of pollen
grains can be produced by a single plant.
